A flow-injection (FI) spectrophotometric system is proposed for the determination of phenols and carbamates. In the FI manifolds, the solutions of phenols or carbamates (the latter after hydrolysis with NaOH) were injected into a diazonium ion carrier stream at pH 9.5 (buffered with tetrahydroborate), which was formed by mixing 2,4,6-trimethylaniline (TMA) with nitrate in a sodium dodecyl sulfate aqueous micellar medium. Absorbance was measured at 550 nm. The system combines the advantages derived from the use of TMA for the coupling of phenols in basic micellar media, because of the inhibition of the self-coupling reaction of the reagent, with the precision and speed of the FI procedures. Other diazotized reagents produced excessive blank signals. The procedures were successfully applied to the determination of phenolic drugs (epinephrine, acetaminophen, and guaiacol) in pharmaceuticals and carbamates (bendiocarb, benfuracarb, carbaryl, carbofuran, methiocarb, promecarb, and propoxur) in pesticide products and water samples. W eakly electrophilic diazotized arylamines couple with strongly activated substrates to give highly colored azo dyes. When the substrates are also arylamines (1-3), a weakly acidic medium is recommended for coupling. But a basic medium is required with phenols, because only free amines and phenolate ions are sufficiently activated (4-6). Unfortunately, unstable derivatives and large values of the blank solutions are usually obtained. These effects are caused by hydrolysis of the diazonium ion of the reagent used for coupling to give a phenol in a process known as hydroxy-de-diazoniation (7), which reacts with the excess reagent in the basic medium.
W eakly electrophilic diazotized arylamines couple with strongly activated substrates to give highly colored azo dyes. When the substrates are also arylamines (1-3), a weakly acidic medium is recommended for coupling. But a basic medium is required with phenols, because only free amines and phenolate ions are sufficiently activated (4) (5) (6) . Unfortunately, unstable derivatives and large values of the blank solutions are usually obtained. These effects are caused by hydrolysis of the diazonium ion of the reagent used for coupling to give a phenol in a process known as hydroxy-de-diazoniation (7) , which reacts with the excess reagent in the basic medium.
The spectrophotometric determination of arylamines, based on their diazotization with nitrite and coupling with the Bratton-Marshall reagent [N-(1-naphthyl)ethylenediamine dihydrochloride; NED] is significantly simplified in a micellar medium of sodium dodecyl sulfate (SDS; [8] [9] [10] . The coupling reactions are catalyzed and the protonation constants of the secondary amino group of the azo dyes are shifted to higher pH values. The use of diazotized 2,4,6-trimethylaniline (TMA) was further proposed to determine phenolic compounds in micellar medium ( Figure 1 ; 11, 12) . The ortho and para positions of the 2,4,6-trimethylphenol produced by hydroxy-de-diazoniation of diazotized TMA are blocked by the methyl groups, which hinder self-coupling. Owing to the hydrophobic substituents of TMA, this reagent is only slightly soluble in water, but solutions can be prepared in micellar medium, where the coupling reactions undergo catalysis.
The flow-injection (FI) approach provides a useful way to automate analytical procedures and can be very useful in speeding up the determination of compounds in pharmaceuticals and environmental water samples (13) (14) (15) . Different FI manifolds have been designed that use the diazotization and coupling reactions, usually with spectrophotometric measurement of the signal. Nitrite and ammonia were determined by diazotization of sulfanilamide and further coupling with NED in an FI manifold (16) . Also, an FI system performed the reduction of nitrate to nitrite by passing the sample through a copperized cadmium tube (17) or oxidation of ammonia with NaBrO (18), both followed by diazotization of sulfanilamide and coupling with NED. Total (inorganic and organic) dissolved nitrogen was similarly determined after photooxidation (UV radiation in alkaline peroxodisulfate media) to obtain nitrate (19) .
Sulfonamides were also determined by an FI procedure on the basis of their diazotization and coupling with NED; the procedure avoided the destruction of the excess nitrite by using a low nitrite concentration and shortening the reaction time to minimize side reactions (20) . In another report, a procedure was developed where carbamates (carbaryl, carbofuran, and propoxur) were retained onto C 18 bonded-phase beads packed in a flow-cell; the carbamates were subsequently hydrolyzed to the corresponding phenols and coupled with diazotized p-sulfanilic acid (21) .
In previous work, the favorable features achieved in the determination of arylamines after diazotization and coupling in an SDS micellar medium were applied to the development of a simple FI procedure (22) . In this work, an FI system is proposed for the determination of phenols and carbamates. The advantages derived from the use of TMA for the coupling of phenolic compounds in basic micellar media, because of the inhibition of the hydroxy-de-diazoniation reaction, are combined with the precision and speed of the FI procedures. Other arylamines, such as p-sulfanilic acid or p-nitroaniline, produced excessive blank signals (yellow color) due to self-coupling, making them unusable at pH 9.5, which is otherwise adequate for the analysis of phenols and carbamates. The resulting procedure was applied, with good results, to the routine determination of phenolic drugs in pharmaceuticals and carbamates in pesticide products and water samples.
Experimental

Materials
All chemicals and reagents were analytical grade or better. M TMA stock solution was prepared by dissolving the reagent in 2 mL acetone, adding 1.7 mL concentrated HCl, and diluting to 100 mL with aqueous 0.07M SDS. The surfactant was necessary to avoid precipitation of TMA on dilution with water. This solution was stable for at least 1 week. Stock solutions of the other reagents were also prepared weekly: 0.05M sodium nitrite, 0.025M tetrahydroborate buffer, and 2M NaOH. Stock solutions of phenols and pesticides were prepared (5 × 10 M) by using a small amount of ethanol to facilitate dissolution of the compounds.
Sample Preparation
Pharmaceutical tablets and herbicide formulations were ground in a mortar, weighed, dissolved in 5 mL acetone or ethanol, and adequately diluted with an aqueous solution of 0.07M SDS. The solutions were prepared in triplicate. After centrifugation, a portion of the supernatant was taken for analysis.
FI Analysis
In the FI manifolds (Figure 2 ), a TMA solution in acid micellar medium was continuously pumped and mixed with nitrite. The solutions of phenols or carbamates (the latter after hydrolysis with NaOH) were injected into the diazonium ion carrier stream, after being mixed with the tetrahydroborate buffer to obtain the optimum pH (9.5), and conducted to the spectrophotometer (550 nm). The system did not use sulphamic acid to eliminate the excess nitrite. The dispersion coefficient (D) of the optimized system was measured by injecting 250 µL water into a carrier stream of methylene blue and monitoring the absorbance (13) . The values D = 2 and 4.3 were obtained for the phenols and carbamates, respectively.
Results and Discussion
The physical and chemical variables of the FI system were optimized for the proposed procedure by altering each variable in turn while keeping the others constant. The optimum values chosen were those that yielded maximum and constant differences between the peak height of the samples and the blank.
Optimization of Physical Variables
The physical variables studied were reactor lengths (R 1 to R 4 ), temperature, injection volume, and flow rate ( Table 1) . The influence of the reactor length on the signal was studied in the 0-3 m range for the diazotization (R 1 ), pH adjustment (R 2 ), coupling (R 3 ), and carbamate hydrolysis (R 4 ) reactors.
The results indicated that the diazotization and coupling reactions are fast and reproducible in the FI system. The signal was constant in the 0-100 cm range for R 3 , but decreased at greater lengths, perhaps because of the decomposition of the azo dye. For carbaryl, a decrease in the signal was observed for lengths greater than 50 cm in R 4 . After this study, it was decided to eliminate all reactors from the system. As explained below, although the hydrolysis of most carbamates was not complete under these conditions, the results were reproducible. The optimum temperature for the diazotization reaction has been studied previously by others (2, 11, 12, 22) . Room temperature is the best to avoid decomposition of the diazonium ion. In this work, we observed that the signal also decreases when the temperature is raised in the hydrolysis step, which should be related again to the decomposition of the diazonium ion. Therefore the whole FI manifold was set at room temperature.
The injection volume was investigated with loops in the 10-500 µL range. Inside this range, the sensitivity increased with injection volumes (Figure 3a) . A loop of 250 µL was selected to maintain a good sampling rate. Above this volume, a broadening peak effect was produced without any increase in the peak height. Otherwise, the flow rate was studied in the 0.5-1.7 mL/min range (Figure 3b) . When the flow rate increased, the signal increased up to a flow rate of 1 mL/min and decreased for greater flow rates. A flow rate of 1 mL/min was chosen as a compromise among adequate sampling rate, peak width, and sensitivity. With this flow rate, a sampling rate of 60/h was achieved.
Optimization of Chemical Conditions
Optimization of chemical conditions included the reagents involved in the 3 reactions studied: TMA, SDS, HCl and sodium nitrite in the diazotization step; NaOH for the hydrolysis of carbamates; and the pH of the 0.025M tetrahydroborate solution used to achieve a final pH of 9.5 in the coupling reaction. In all cases, blank solutions were injected. The ranges studied and optimum values of the variables are given in Table 1 .
The results for optimization of the concentration of the TMA reagent are shown in Figure 4a . The selected concentration was 2 × 10 -0.2M range and decreased at greater concentrations (Figure 4b ). It should be taken into account that the surfactant was introduced only with the TMA reagent and suffered a 4-fold dilution after it was mixed with the NaNO 2 and buffer streams.
The signal increased up to 0.2M HCl and remained constant in the 0.2-0.4M range (not shown). A 0.2M concentration was selected to facilitate the adjustment of the coupling pH by addition of the tetrahydroborate buffer solution. The concentration of sodium nitrite was optimized in the 0-0.5M range. The signal increased up to 5 × 10 M to avoid use of sulphamic acid to remove excess nitrite, which is usual in these procedures.
Finally, the concentration of sodium hydroxide was optimized for bendiocarb, benfuracarb, carbaryl, carbofuran, promecarb, and propoxur ( Figure 5 ). Only for benfuracarb and carbaryl, the signal was constant for NaOH concentrations greater than 1M. For the other carbamates, the signal did not reach a constant value. The concentration of NaOH chosen was 2M, and not greater, to facilitate further adjustment of the pH for coupling. Tables 2 and 3 show the structures of several phenols and carbamates, together with their wavelengths of maximum absorption (nm), sensitivities (mol
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), linear ranges (triplicate injections, 4-6 points, r > 0.99), limits of detection (LODs, signal-to-noise ratio = 3), and repeatabilities.
The sensitivities achieved with the FI procedure are lower than those in the batch procedure; the linear ranges are, however, usually similar. The advantages of the developed FI procedure are high sampling rate and low waste of reagents. The use of TMA in the micellar medium allows lower LODs with respect to the use of other diazonium ions, such as diazotized p-sulfanilic acid or p-nitroaniline.
Analysis of Pharmaceuticals, Herbicides, and Water Samples
The optimized FI system was used to determine some phenols (acetaminophen, epinephrine, and guaiacol) in commercial pharmaceuticals (tablets and vials; Table 4 ) and some carbamates (bendiocarb, benfuracarb, carbaryl, carbofuran, methiocarb, promecarb, and propoxur) in herbicide formulations and spiked water samples (Table 5 ). Some water samples-including irrigation ditch, river, seawater, and tap water-were collected in the city of Almassora (Castelló, Spain). Spiked samples were prepared by addition of some herbicides. The results of the analyses are shown in Table 6 .
The proposed procedure is useful in the control of the phenolic drug products during their manufacturing process and in pharmaceuticals and of carbamates in pesticide products. However, it is not selective when applied to analysis of water samples and more than one carbamate is present. In this case, total carbamates are measured. 
